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LYMPHOCYTOSIS IN SOLDIERS
A CLINICAL AND HAEMATOLOGICAL STUDY
By JOHN B. McDOUGALL
Introduction.
WHATEVER the explanation of the phenomenon may be, it appears to be
definitely established that there is a marked change from normal in the relative
number of white cells in the blood in certain diseases peculiar to active service.
This haematological diversion is not to be wondered at when one considers that
so many of the ordinary medical diseases, or rather diseases which were
originally considered to be commonplace in clinical medicine, have now been
placed beyond the province of pre-war medicine, and bave amassed for them-
selves a literature bristling with new discoveries and new theories. The typical
pre-war nephritis is modified now to a nephritis with specific limitations, and
the familiar picture of acute Bright's disease, so common in civil hospitals, is
a comparatively rare one in the bospitals in France.
Similarly, acute rheumatic fever forms a strikingly small percentage of our
medical cases, as do also the cases of malignant endocarditis and, say, enteric
fever.
In place of these more or less well-known pre-war diseases, we have been
introduced to a group of ailments of a chronic type, most of them non-fatal in
their end results, but, nevertheless, powerful in their mode of action, and far-
reaching in their toll of sufferers.
The new terminology would classify many of these diseases as trench feet,
trench nephritis, P. U. 0., trench fever, and D. A. H., bat the object of this
paper is to direct attention to the blood changes which are characteristic of one
or two of those conditions, and to endeavour to show that the new terminology
has at least some measure of haematological evidence to support it.
The object of the work in hand was to discover, if possible, (1) whether
there was any total or differential count of the white cells which could be taken
as characteristic of any of the types of trench fever met with clinically;
(2) the incidence of tachycardia (D. A. H.) as a true sequel of trench fever,
and the blood condition in these cases; (3) other conditions met with in active
service showing similar blood changes. The method employed in estimating
the total number of cells was the usual one, the Thoma-Zeiss haemocytometer
[Q. J. M.• July. 1919.]
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being the instrument employed. For the differential counts, two films at least
were taken from every case, and the better one chosen and stained for
enumeration of the cells. Owing to the admirable nuclear staining given by
Leishman's stain, that one alone was used. Three hundred cells were counted
on each film, but in some cases, where the count showed evidences of being
markedly divergent, four hundred cells were classified. In the actual classi-
fication of the cells, the basophil leucocytes were grouped with the poly-
morphonuclear leucocytes. In none of the films examined did they amount to
1 per cent. of the total number of white cells. Although there is much to be
said against classifying the mononuclear cells into lymphocytes and large
mononuclears, I offer no excuse for so doing on this occasion.
No special enumeration was made of degenerated forms, of 'leucocytoid'
types, or of mesolymphocytes, since these are generally recognized to be of the
same origin, type, and significance; these were all classed as lymphocytes.
The so-called Rieder cell was also included in the lymphocyte series.
Similarly, in the large mononuclear group are included large hyaline cells
and transitionals, since these have probably everything in common except their
stage of development.
At the outset of the investigation I was fortunate in having the co-
operation of Capt. W. Templeton, Pathologist, No. 47 General Hospital, who
helped me with the haematology in 70 cases.
Since November 1917, I have been working in conjunction with Major
Anthonisz, Assistant Advisor in Pathology to Calais Area; he has been good
enough to corroborate my findings in many cases, besides giving me every
facility for working in the laboratory under his command.
From the pathological side, then, the work has had the advantage of
having been attacked by three different observers, an important point In
eliminating the personal equation.
From the clinical aspect, however, I have worked more or less indepen-
dently, but at the same time I owe a debt of gratitude to Major J. R. Collins,
officer in charge, Medical Division, No. 30 General Hospital, for allowing me to
collect the cases in wards under my supervision. Careful clinical notes have
been taken from day to day, and charts illustrating the temperature and pulse-
rate curves have been made in all cases.
l.'he Total and Differential Count of the lVhite Cells in Types of
Trench Feve1"
The primary difficulty was to classify the clinical types of trench fever.
For obvious reasons the subjective symptoms were useless for this purpose; the
usual syndrome of pains in the head, back, especially the lower lumbar region,
and in the shins, was more or less peculiar to all cases of trench fever.
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Similarly, objective symptoms gave no better opportunity for classification
purposes, as in many cases these were nil. Splenic enlargement to the palpable
state was found in two cases in the entire series, and the urinary examination
was negative in so many, that no effort was made to identify a type or class
from the findings of either splenic percussion .01' of the urinary examination.
The one sign which was found sufficiently frequently to entitle it to pre-
eminence in the separation of the cases was acceleration of the pulse-rate, the
so-called D. A. H. Accordingly I have separated these cases showing definite
cardiac instability from the others, but, at the same time, an effort has been
made to state precisely, where possible, the type of trench fever which
preceded or accompanied the disordered action of the heart.
From the temperature chart the most valuable information is to be
obtained, and there is no valid reason for departing from the classification
suggested by the Committee appointed to investigate P. U. O. They based their
report on an analysis of 170 cases, and elaborated three types, differing from
each other chiefly in the course of the pyrexia, viz. :
Type A. (1) Regularly relapsing cases (56 cases, or 32·9 per cent.).
(2) Irregularly relapsing cases (35 cases, or 20·5 per eent.),
Type B. (1) Cases beginning with a single short bout of fever lasting
under six days.
(2) Cases which did not give any history of elevation of temperature
prior to the time of observation, and which did not have relapses of fever
w hi lst under observation.
27 cases, or 15·8 per cent., were included under Type B.
Type C. Cases with a definite and prolonged initial period of fever,
resembling that found in the enteric group of infections (52 cases, or
30·5 per cont.).
It is important to' note that the irregularly relapsing cases include those
in which 'the intervals between the relapses are not so definite, or if the
intervals are definite, the temperature remains above the normal'. My own
results are based on a study of 200 cases of trench fever, collected over a
period of twelve months.
The proportion of cases falling under the groups considered above are as
follows:
Type A. (1) Regularly relapsing cases (56, or 28 per cent.),
(2) Irregularly relapsing cases (109, or 54·5 per cent.).
Type B. 22 cases, or 11 per cent.
Type C. 13 cases, or 6·5 per cent.
In comparing the two series of observations, it is interesting to note that
Type A (1) is to be found in approximately the same percentages. The reason
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for the preponderance of Type A (2) in my series, and for the paucity in the
numbers of those included in Types Band C, I shall endeavour to explain
below.
The Characteristics of the Total and Differential. White Cell Oount
in Type A (1), i. e. the Regulafrly Relapsing Type.
The regularly relapsing type of trench fever is the one to which most
attention has been given so far; it is definite, inasmuch as it has, as the name
suggests, a relapse of fever at intervals.
These intervals, however, are not definite in themselves. The clinical
manifestations accompanying this type of fever have been described frequently.
In all, 74 total counts have been made, and the general tendency has been
towards a leucocytosis. The highest count in the series was 24,600 per e.mm.,
the lowest 5,625.
The average total count taken during the pyrexial stage of the disease
cannot be contrasted with the average total count during the apyrexial stage,
for each case would seem to have its Own (mean '.
A patient with a count of 12,500 cells per c.mm, and a temperature of
98.80 F. had 19,000 cells when the temperature was 1000 F.
On the other band, a man who had 16,000 per c.mm, during the
apyrexial stage gave only 15,987 when the temperature reached 101.40 F.
Average counts, therefore, cannot be relied upon; it would appear rather that
each case has its own average.
As a general rule, however, it may be said that the total count during the
fever is in excess of the total count during apyrexia-in some cases this is
marked, but it is not a change of any definite clinical value.
The most characteristic change takes place during the periods of pyrexia.
Briefly, there is a relative increase in the polymorphs, and a diminution in the
number of lymphocytes during the fever; this is a typical and constant feature
in the white cell count.
Ninety-one differential blood-counts have been made in the 56 cases
coming under Type A (1), and with most interesting results.
As with the total count, the degree of polymorphonuclear leucocytosis is
not always proportionate to the rise of the temperature, but it always occurs
during the fever, and at the expense of the lymphocytes, which may fall to 15
or 20 per cent. after forming anything from 30 to 60 per cent. of the total number
of white cells during the apyrexial stage. This change is most marked when
the temperature has been steadily subnormal in the intervals between the
paroxysms of fever. I have records of cases where the polymorphs have in-
creased as much as 27 per cent. and lymphocytes have fallen 28·2 per cent'. in
a few hours, during which the temperature has risen from 9~0 to 1030 F. This
reciprocal fluctuation must be marked out as extremely characteristic of the
relapsing type of trench fever. In cases of this type where two or more counts
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were made at intervals during the various phases of the disease, 100 per cent.
of the cases showed this phenomenon.
There is only one difficulty, and that presents itself when the pyrexial
paroxsyms are only slight, say to 98·8° or to 99° F.
I have found in these cases, more particularly towards the end of the period
of observation of the patient, there may be some difficulty in interpreting the
result, for with a temperature of 99° F. the differential count is not always
dislocated towards the polymorph end. In this respect it calls for comment,
for many of the cases of Type A (1) merge gradually into Type A (2), where, as
is stated below, much less accuracy can be obtained. Nevertheless, there have
been cases in this series where the changes described above have been well
marked when the temperature was not more than 99° F.; but it has also been
noted that there is no tendency in these men for the type to be changed, the
temperature of 99° F. being merely 'a reminder' that the relapses have not
entirely disappeared.
Occasionally one meets with a more or less normal differential count after
a long period of pyrexia of the relapsing type. Clinically such patients are well ;
they do not complain of the head, back, or shin pains, and there is no tachy-
cardia, although they are sometimes weak and easily tired. It is perhaps too
much to assume that such patients, showing no lymphocyte excess, are free from
infection, but the absence of subjective symptoms, plus a normal temperature,
pulse-rate, and differential leucocyte count, is a good passport to convalescence
at least, Conversely, there are cases in this particular group which have
showed constant lymphocytosis in the presence of a normal temperature, after
having had typical periodic bouts of fever.
Symptoms of pain have never been absent in such cases, more especially
the shin pains. The response to effort as measured by the pulse-rate is not
good, although the pulse-rate at rest may be within normal limits. The
following counts are taken from the record of a patient who was admitted to
hospital with symptoms of regularly relapsing fever. The blood was examined
on five different occasions when the temperature was normal. This patient
was never free from pains in the legs, and as convalescence' proceeded a fine
tremor developed in the hands. The pulse-rate was normal when he was at
rest, but the slightest exercise brought about a pronounced tachycardia.
Blood Examination:
Date. Total. Polys. Eosinos. Lymphs, Large Monos. Temp.
9.2.18 14,000 37·7 1·3 54·0 7·0 98·2° F.
25.2.18 15,980 41·0 1<7 47·8 9·5 98·6° F.
1.3.18 10,980 40·0 1·3 54·8 3·9 97·8° F.
6.3.18 11,250 34·6 1·6 57·5 6·3 98·2° F.
14.3.18 15,980 45·0 1·3 40·6 13·1 98·2° F.
Microsopically, the cells show nothing abnormal. They take the stain
well, and no intracellular organisms have ever been noted. Azurophil granules
have been well marked in many cases, but that feature is dependent more upon
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the technique of the staining of the films, than upon any inherent quality in the
cells themselves. Blood platelets are apparently not increased in number or
SIze.
This sudden and abrupt change from relative and absolute lymphocytosis
during apyrexia to polymorphonuclear leucocytosis during pyrexia is interesting
from the theoretical point of view. From an analogy with malaria, when a
practically similar phenomenon takes place, it would appear to indicate that
there is a definite cycle of the organism in the system. At the time of the
pyrexia there is an exacerbation of the symptoms; the pains become more
severe, the pulse is accelerated in proportion to the elevation of the temperature,
and the skin is hot and frequently bathed in perspiration. It is true the suc-
cessive bouts of temperature are usually less in magnitude, and this would also
indicate an immunizing process being at work, but whether the polymorphs are
the agents for determining the immunization during the fever, or whether it is
the lymphocytes during the non-febrile period, cannot be answered. So far, no
immune bodies have been discovered' in the plasma, out thesimilarity of the
course of the fever to that of patients with pulmonary tuberculosis under-
going a series of auto-inoculations by graduated exercise is suggestive, although
the degree of lymphocytosis in apyrexic phthisis is not nearly so well marked as
in cases of trench fever.
Until immune bodies have been found in the blood of patients suffering
from trench fever, it would be well to bear in mind the cellular theory
of immunization. In none of my cases was there any evidence of appreciable
enlargement of the inguinal or other lymphatic glands, such as is met with in
certain other conditions where a lymphocytosis is characteristic of the blood
picture.
The Oharacieristice of the Total and Differential White Cell Count
in Type A (2), i. e. the Ir'regularly Relapsing Type.
The cases of irregularly relapsing fever have constituted by far the largest
number in my series-lOg, or 54·5 per cent..
The reason of preponderance of Type A (2) cases is due, in part at least,
to the fact that the temperature charts have revealed the presence of slight and
irregular elevations of temperature in cases which have been under observation
for three or four weeks, and which were at the outset considered to belong
to Type A (1) or even to Type B.
I am of the opinion that many cases of regularly relapsing fever do
actually pass into the irregular form as time goes on, and that the type
at present under consideration represents the more chronic form of trench
fever, as well as the one which is least of all amenable to treatment. The
patient is constantly complaining of aches and pains; the night hours are a
continual source of worry to him. He has no period of comparative well-being
such as is enjoyed by the patient with the regularly relapsing form during the
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apyrexial period of the disease. Ninety-four total counts have been made in
cases belonging to this category, and what has been said about the total count
in Type A (1) applies with equal force to this series. Ten to fourteen thousand
white cells per c.mm, is a very common figure with a normal temperature,
but here again each case would appear to have its own 'mean'. In one case
in particular, six total counts at different intervals gave the following
results:
(1) 18,125 (temp. 101° F.).
(2) 18,125 (temp. 100° F.).
(3) 19,400 (temp. 97° F.).
(4) 17,200 (temp. 99° F.).
(5) 17,600 (temp. 98·2° F.).
(6) 18,600 (temp. 98·4° F.).
No direct inference can be obtained from such figures as these, but it has
been noted on several occasions in this class of case, that the general tendency
is for the total count to bear a fairly close relationship to the intensity of
the subjective symptoms. In the case quoted above the leg pains were
exquisitely severe.
The outstanding feature of the analysis of the 116 differential counts in the
irregularly relapsing form of trench fever is undoubtedly the large percentage
of cases showing mononuclear excess. The fluctuation from lymphocytosis to
polymorphonuclear leucocytosis, so characteristic of Type A (1), is not to be
found here to anything approaching to the same extent. Of course it is to be
remembered that the outstanding feature of these cases is the irregular tempera-
ture curve, with the temperature fluctuating between 97.6° F. and 99·4° F.,
rarely above 100° F. Within this comparatively small range the differential
blood-count gives a picture which is somewhat difficult to interpret. Lympho-
cytosis is the feature common to the great majority of the cases, with a
temperature below 99° F. When the temperature exceeds 99° F. (and is still
below 100° F.) there may be a pronounced polymorphonuclear leucooytosis-i-
more frequently the count is but little altered. But should the temperature
become outspoken, and reach 101°F. or 102° F.-a very rare occurrence in this
type-then the fluctuation in the quality of the white cells varies as it does in
the pyrexic stage of class A (1), and some doubt may at once be expressed as
to whether the case does not really belong categorically to the A (1) class. The
actual percentage of lyrnphocytes may be anything from 35 per cent. to 50 per
cent.; the' highest percentage in my series was 54.4, with a temperature at 98·2 F,
The existence of a sustained lymphocytosis in the presence of a tempera-
ture fluctuating between 98° and 100° F., with symptoms of pains in the head,
back, and legs, especially in the shins, may be taken as typical of the irregularly
relapsing 'form of trench fever.
As the cases were seen from day to day in the wards, and differential blood-
counts made in so many instances, it became evident that from the general group
of cases which one was in the habit of labelling the irregularly relapsing type,
there emerged a sub-variety which differed from the majority of the cases in two
respects. Firstly, the subjective symptoms were much more severe. Shin pains,
which are in all forms of the disease severe, became intolerable, and gave rise to
much speculation as to whether one was not really dealing with an acute
[Q. J. M., July, 1919.] Z
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inflammatory bone disease. One patient told how the pain was so intense that
he felt his foot twist involuntarily. It was a common thing to find this same
patient rolling on the bed at midnight in agony.
In otheroases the weight of the bed-clothes caused so much pain that a cage
had to be inserted under the blankets in order to take off the pressure. The
loss of sleep consequent upon this suffering led in most cases to a consider-
able loss of weight and to profound weakness. One had the impression
that this class of case might be an aggravated form of Type A (2), more
especially as the temperature seldom rose above 99·6° F., and yet the cases were
never quite afebrile. Some of these patients gave the history that the pains
had always been excruciatingly severe, and certainly no definite evidences of
actual initial pyrexia such as is seen in Type B or in Type C could be obtained.
Apparently, therefore, this severe type conforms to the description of shin
fever described by some writers, and mentioned also in the report by the Corn-
mittee, to which reference has already been made.
At the time of admission to hospital it was impossible to say definitely
whether the patient was suffering from an aggravated form of irregularly relapsing
trench fever, but there was no mistaking the diagnosis from the nature of the
subjective symptoms after a few days' observation. These patients formed a
class by themselves.
The second respect in which these cases apparently differed from the others
was in the differential blood picture. The sum total of the mononuclear cells
was frequently equal to, and sometimes in excess of, the total number of poly-
morphs. The important point, however, was that the transitional and large
mononuclear cells were relatively increased. These large mononuclear cells
presented nothing abnormal microscopically; they stained clearly, and showed
no evidences of fragmentation.
Nineteen per cent. of the cases of irregularly relapsing fever belonged to
this group. The highest percentage of large mononuclears (including transi-
tionals) in my series was 28·2 per cent., but 15·2 per cent. was a common
·figure. Another feature of the differential count in the aggravated form was
that, in counts taken during the elevation of temperature, there was a diminution
in the percentage of lymphocytes, with a corresponding increase in the per-
centage of polymorphs. The large mononuclear cells remained approximately
at the same level.
I do not propose to discuss at length the significance of this blood picture,
but it is a distinct change, and would seem to point to the existence of a
separate and probably a spe?ific toxin in these cases, or that we are dealing with
a special phase in the evolution of the infecting agent. The observation that the
haematological change is confined to a comparatively small percentage of the
total number of trench fever cases seen would lend support to the former
theory. Pathologically, there is no sound reason why a lymphocyte-producing
agent should also stimulate the formation of large mononuelears. Modern
haematology claims that the lymphocyte and large mononuclears have a different
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genesis, as well as a different function. On the other hand, there are cases in
which both lymphocyte and large mononuclears are relatively increased, and
if we assume that each class of cell is present in response to a specific infecting
agent, then the question of a double infection at once presents itself.
In this connexion it is noteworthy that the regularly relapsing type of
fever may be present with the irregularly relapsing form.
The Total and Diffe1'ential White Cell Count 1.n Type B,
i. e. the I njluenzal Type.
This influenza group is not very common at the Base hospitals in France.
In my series r have included the cases which gave a history of an initial short
bout of fever followed by apyrexia. Most of the cases were still complaining
of shin pains when admitted to hospital; all of them gave a history of an
abrupt onset with severe pains in the head, back, and legs or arms. That it is
not met with more commonly is due, perhaps, not so much to its actual rarity,
as to the fact that men recover quickly, and do not require to be evacuated to
the rear hospital units.
Obviously this initial type of trench fever may be suggested clinically,
and horn the chart readings, by the last relapse of a case which has been
typically relapsing from the onset, and where the penultimate spasm of fever
has not been recorded, as frequently happens during pressure of work at
Casualty Clearing Stations. In such cases the previous history is of extreme
importance, especially in the time and mode of onset. Of 22 cases of this type,
7 showed a normal differential count with a normal temperature. Clinically
these cases were free from all pains and aches, and were in particularly good
physical condition.
The remaining cases with a normal temperature gave a lymphocytosis
varying from 35 to 63·8 per cent. On four patients coming under this
group, I had the opportunity of making differential counts during the period
of pyrexia, and the increase in polymorphs and diminution in the number of
lymphocytes has been a well-marked feature. In fact, the blood picture would
appear to be similar to that met with in Type A (1), the only difference being
that the lymphocytosis which follows the fever in Type B remains constantly
present, uninterrupted by polymorphonuclear excess, until the patient has pre-
sumably combated his infection, when the counts return to normal limits.
The total count in this series varied between 7,200 and 20,937 cells per c.mm.
It has been observed from the temperature charts that cases belonging
originally to Type B have occasionally taken on the characteristics of Type A (2),
i. e. the irregularly relapsing type, but uncomplicated cases of Type B un-
doubtedly do occur, and represent trench fever in its mildest form.
z 2
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The Total and Differential White Cell Count in Type C, i; e. the so-called
Enteric Type.
This type has certain features in common with the paratyphoid group of
infections. The illness begins, often indefinitely, with a long remittent fever.
The patient lies in bed in a listless condition, apparently the subject of a
moderate toxaemia. There are no outstanding objective signs from the physical
examination, but tenderness over the left hypochondrium is more common in
this group than in any of the others, and diarrhoea has been present in a few cases.
I have notes of 13 cases of this type, and am consequently loath to draw any
conclusion from so small a number. All of these patients complained of different
aches and pains, involving the head, back, and limbs, especially the shins.
Agglutinations did not reveal the presence of a paratyphoid infection in
four cases examined. The pulse-rate varied from 90 to 100 per min., and was
not dicrotic. In other respects also the illness seems to differ from the enteric
group. Diet, for instance, has no appreciable influence on the course of the
fever, and no acute abdominal symptoms have ever been recorded, even when
patients have been having a full diet very early in the disease. The total
white cell count varied from 7,000 to 25,000 cells per c.mm.; 14,000 was a
common figure. From the records of 18 differential white cell counts, it may be
said that lymphocytosis (absolute and relative) has been the common finding.
During the intermittent fever which is seen in the first week of the illness, the
polymorphs are increased, and definitely so, even with a temperature of 99·4° F.
The liability for this type of case to develop ~n accelerated action of the heart
is noted below.
The leucocytosis, with polymorph excess during fever and Iymphocytosis
in the apyrexic stage, would appear to be a useful factor in helping to eliminate
paratyphoid ·fever-a point of some importance in view of the increasing
difficulties attending the technique of agglutinations.
The following case, taken from my series, shows the difficulties which one
may meet in this group:
Pte. T. came into hospital on 15.3.18 complaining of pains in the head
and back of five days' duration. It was somewhat difficult to get an accurate
statement of the onset of the illness, for the patient was very drowsy and apathetic.
It was learned, however, that a short time prior to his evacuation from the
line, he was verminous and had his clothes treated with cresol. His general
condition was poor. The skin surface wag hot and flushed, and small petechiae
were found over the trunk and legs. No rose spots were detected. The
tongue was furred, but there was neither sickness nor vomiting. The abdominal
reflexes were feebly marked, and deep palpation in the right iliac fossa
elicited slight tenderness. He had no diarrhoea, rather constipation, and the
spleen was not enlarged. On the second day after his admission to hospital,
a few rhonchi were heard at the bases of both lungs, but there was nothing ebe
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abnormal in the chest. The pulse was not dicrotic or irregular. Agglutina-
tions, made on 23.3.18 and again on 28.3.18, negatived paratyphoid fever. On
1.4.18 he was much better, and was able to state that he had had severe pains
in back and legs since 8.3.18 so far as he could remember. These pains never
left him whilst he was in hospital; they became localized to the legs, and more
particularly to the shins.
Blood Examination:
Date. Total. Polys. Eosinos. Lymphs. Large Monos. Temp.
17.4.18 14,375 43·4 1·3 48·6 6·3 98·6° F.
184.18 14.800 50·3 1·0 44·0 4·6 98·6° F.
20.4.18 15;200 48,3 1·6 43·3 6·6 97·0° F.
The Incidence of D. A. H. as a True Sequel of Trenrh Fecer, nnd the Blood
Oondition in such Oases.
There is a gradually accumulating mass of evidence to prove that an accele-
rated action of the heart is one of the occasional accompaniments and sequelae
of trench fever. Apart from the slight disturbances in rate which are common
in the early stages of convalescence from all febrile illnesses, we have to deal with
a condition here which is in some cases temporary, but in others, unfortunately,
of a more permanent nature. It would seem, further, that many cases of D. A. H.
invalided to Base hospitals in France as 'D. A. H. following influenza', or
, D. A. H. following rheumatism', are in reality old or recent trench fever
infections manifesting themselves in a more subtle form. In the vast majority
of cases there is definite complaint made of leg or lumbar pains during the
course of the D. A. H., and practically each gives the history of limb pains
at a date prior to the onset of the D. A. H. I do not deny that a tachycardia
of the most severe type may not be found consequent upon influenza or
rheumatism, but I feel convinced that the percentage of cases which one sees in
France arising secondarily to these causes is extremely small.
I have noted 54 cases of D. A. H. which have at some time or other been
associated with trench fever in one or other of its manifestations. An attempt
has been made to trace, as far as possible, the type of trench fever which
has preceeded or accompanied the D. A. H., and blood-counts, total and differ-
ential, have been made in every case.
Altogether 71 total and 85 differential counts have been made.
The table printed on p. 328 gives the relative percentages of D. A. H. cases
found in the various types of trench fever. For comparison I have also
introduced the results quoted by the special Committee on trench fever.
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The Percentage of D. A. H. Cases oseociated with the Various Types of
Trench Fever.
26·3 %
17·8 ~~ 29·3%
Type B. . Type C.
The.Influenzal The Enteric
Form. Form.
The Committee's
series
The present
series
Type ~ (1).
The
Regularly Re-
lapsing Form.
Type A (2).
The
Irregularly Re-
lapsing Form.
48·1 /~
22·7%
30·7 %
23 %
Doubt-
ful.
? Form.
4 cases
The total white cell-count has the characteristics associated with that found
in Type A (2), that is, it is variable, but on the whole it tends to be high.
Here again there is a tendency for each particular case to have. its own
limitations in leucocytosis. As is to be expected, very few counts, total or
differential, were made during the period of fever, for pyrexia is not very often
found when the disordered action of the heart sets in permanently. If a rise of
temperature does take place, it is rarely pronounced, and the fluctuation in the
total white cell count is not marked, unless the case belongs to the regularly
relapsing form, in which case the blood picture undergoes the changes described
as typical of the pyrexic stage of that form of the disease. Concerning the
differential count it may be said that lymphocytosis is the rule, so long as
the temperature remains normal. The highest percentages of lymphocytes are
found in cases of D. A.H. Occasionally one meets with a large mononuclear
excess in cases of.D. A. H. Two cases in my series showed this phenomenon. As
a general rule there is not much pain in the head, back, or legs associated with
the tachycardia, but this is not always so. I have notes of one patient who had
pains in the legs so severely that I had no hesitation in classifying him in the
aggravated form of Type A (2). The temperature chart was typical of the
irregularly relapsing form of the fever described above. The large mono-
nuclear cells reached 15·6 per cent. in this case, but as time went on, and
with rest in bed, the large mononuclears dropped to 6 per cent., although the
lymphocytes remained approximately at the same percentage. Simultaneously
the pains became less severe, and on discharge the only symptoms were accele-
rated pulse-rate, poor response to effort, slight shin pains, and lymphocytosis.
From an analysis of the charts and blood-counts at my disposal, I find no
evidence to prove that the extent of lymphocytosis is always proportionate to
the degree of. acceleration of the pulse-rate, and consequently one cannot suggest
that the differential blood-count can be reckoned upon as a guide to the amount
of intoxication. I have found, however, that it is a mistake to allow patients
with a pulse-rate of 90 to 100 per min. at rest in bed to get up when the lympho-
cytes are relatively and absolutely increased. These are the cases most likely in
my opinion to develop D. A. H. If exercise is to be taken at all, it must be of
the most carefully-graduated type, and only when there are evidences of slight
intoxication; and until a better method is brought to our notice, I suggest
that the differential blood-count may be of some assistance at least in helping us
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to say whether, in the presence of a normal temperature and pulse-rate, the
patient is really free from infection.
The stage of transition from the normal pulse-rate to that which is typical
of 'heart hurry' is a gradual one as a rule. It occurs most frequently during
the so-called convalescence, when the temperature is normal. It gives due
warning of its appearance, even when the patient is kept in bed, but even
absolute rest in bed will not always prevent its continuance once it has started.
The majority of the cases, however, only develop tachycardia after being allowed
up for a few hours per day, and in these cases a renewal of rest in bed may
have little or no effect on the heart-rate. Presumably, at this stage of the
disease, the casual agent is in the latent phase, but the toxin produced by it is
not harmless, and it does not seem unreasonable to suppose that the mononuclear
excess is a clinical sign of some importance in determining its potential powers
for producing harm) in the form of a protracted disorder of the heart. The
group of D. A. H. cases with symptoms of 'precordial pain, palpitation, accele-
rated pulse-rate, shortness of breath on exertion, tremor, exhaustion, dizziness,
and certain vasomotor phenomena with normal heart boundaries and sounds' is
the exact clinical entity seen so frequently in convalescence from trench fever.
It was to this syndrome that Sir Clifford Allbutt (1) gave the name of ponopal-
mosis, and suggested the presence of a toxic agent. The existence of lympho-
cytosis in these cases is apparently pathological proof of this opinion ..
Temporary accelerations in the pulse-rate, such as those described by :Major
Swift (2), are very common, both during the course of irregularly relapsing type,
and after the fever in the relapsing type, and in Type C. These temporary spasms
of tachycardia must be considered as evidences of a predisposition on the part of
the heart-muscle for involvement in a more permanent instability, and experience
has shown that many such cases do actually develop a definite tachycardia.
From an analysis of 54 pulse-charts of D. A. H. cases, temporary tachycardia
was found in 34 cases, i. e. in 62·9 per cent. before the condition became a definite
entity. It is to be regretted that there are no records in this series to indicate
the presence or absence of tachycardia during sleep. Several attempts were
made to determine whether there was any alteration in the rate, but the results
are not conclusive; it is a difficult manreuvre,
'I'ho recent work of Major Marris (3) has shown the importance of investi-
gating every case of tachycardia. His remarks on this condition as found in cases
of' typhoid and paratyphoid fevers have given the necessary impetus to further
work in the direction of careful analysis of the pulse-rate in various pathological
states. Applying what he has said to the classification of cases of D. A. H.
following trench fever, it is apparent at once that practically every case falls under
-the heading of vasomotor tachycardia. The time of onset is late in the disease.
The tremor, the perspirations, and even the dermographia, which are found
associated with the tachycardia in certain convalescent cases of paratyphoid,
are to be found in the vast majority of cases of D. A. H. subsequent to trench
fever infection.
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Although some writers have described an enlargement of the cardiac
boundaries, and even a bruit at the apex of the heart in D. A. H. cases, I have
never found any evidence of such, and do not feel convinced that the accelerated
action is ever' cardiac' in type. It is quite possible that the temporary tachy-
cardia, of which I have spoken above, may be of the so-called postural type, but
I have no direct confirmation of this.
In the light of these remarks, it seems apparent that the lymphocytosis
found in the cases of D. A. H. under consideration may be regarded as useful
signs in determining the existence of a vasomotor toxin rather than one acting
directly on the heart-muscle.
Other Conditions met urah. in Active Service showing eim/da» Blood Changes.
The lymphocytosis associated with the typhoid group is well recognized,
and has been used frequently for diagnostic purposes, but the leucopoenia is also
important, and is, in the absence of complications, seldom absent. The recent
epidemic of influenza gave me the opportunity of examining the blood of 20
cases at different phases of the disease. In the majority of the patients investi-
gated, the elinical signs were those of diffuse broncho-pneumonia with special
involvement of the bases of the lungs-pleurisy, fibrinous and serous, was a
common complication. In three cases only were the lymphocytes over "39 per
eent., and in one of these there was a concomitant malaria infection. The total
count was on an average 12,000 per c.mm. It may be recalled, however, that it
is not uncommon to find a relative increase in the lymphocytes after; a pro-
tracted fever of influenzal origin. No doubt symbiosis of other organisms played
an important r6]e in determining the polymorphonuclear leucocytosis in this
latest epidemic. Malaria paroxysms cause a well-marked polynuclear leuco-
cytosis, very much similar to that found in cases of regularly relapsing trench
fever. Certainly the examination of the blood during the elevated temperature
would not help to differentiate the two diseases. Total and differential counts
taken during the apyrexial stage of' malaria are characteristic in that they show
a leucopoenia affecting both polymorphs and lymphocytes. Towards the end
of the apyrexic stage the cells-and more particularly the large mononuclears-
are increased relatively. These features of the differential count should suffice
to distinguish the disease from cases of trench fever, where large mononuclear
excess is the exception rather than the rule.
Captain Miller (4) has shown that in many cases of gas poisoning the
degree of lymphocytosis (even up to 60 per cent. with a total count of 17,000)
has been substantial. This is an important observation, but one which has not
been corroborated so far as I know. In view of the large number of trench
fever cases showing a similar blood condition, even in the latent periods of the
disease, it would have been advisable to ascertain in every case whether a trench
fever infection in any of its various forms could have been eliminated.
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Group 1.
Group 2.
Group 3.
Group 4.
The only article in the literature which deals directly with this subject is one by
Tate and McLeod (5), who have examined 27 cases of trench fever, and found
that during the pyrexial period the polyrnorphs were increased, and that in the
apyrexic stage the blood condition changed to one of lymphocytosis, affect.ing
particularly the small lymphocytes--a change which I have had the opportunity
of corroborating, with certain reservations. They state, however, that from
examination of 26 controls, 'the usual relative proportions of leucocytes
amongst soldiers in France is not the normal of the text-books', and again,
'that errors are likely to be made when differential counts made on soldiers in
case of illness are compared with that standard '. With the object of elucidating
the question of lymphocytosis more thoroughly, I selected control cases from:
Men admitted to hospital for bacteriological examination of faeces
and urine, prior to their being employed as cooks.
J\tt~n admitted to hospital with diarrhoea.
Men in the unit to which I am attached.
Men suffering from other diseases, i. e. chronic arthritis, bronchitis,
gastric ulcer, &c.
Careful notes were taken in every case, and special attention was given to the
possibility of the man having had trench fever, or D. A. H. as a consequence of
trench fever, at any previous time. The results of the work on this control series
have been most interesting, and have incidentally opened up another branch of
research. The men of the first and second group were examined in the wards in the
usual fashion, and specimens of the stools were sent on three consecutive days for
bacteriological examination by Major Anthonisz, Assistant Advisor in Pathology
to Calais Area. It would be impossible to go into the detailed results of the
findings in this paper; space would not permit of my doing so. Suffice it to say
that in 119 cases in Group 1 there was a normal differential blood-count in 33
cases only. In the remaining 86 cases, the lymphocytosis, which was nearly
always relative only, could be explained by previous trench fever or D. A. H. or
'chronic rheumatism since coming to France' in 42 cases. Differential and
total white cell counts were done in 17 cases in Group 2, i. e. men admitted to
hospital with symptoms of diarrhoea. Seven cases gave a normal differential
white count with a normal temperature; in the 10 remaining cases relative
lymphocytosis was the common feature. Of the 54 cases showing lymphocytosis
in Groups 1 and 2 no satisfactory explanation could be reached in 11 cases.
Major Anthonisz has examined the stools in all of these and has found a
considerable divergence from normal in 43 instances. It is too premature, how-
ever, to indicate the findings in this part of the work which is as yet incomplete.
It 'was thought from the result of these observations that it would be advisable
to examine the blood and stools in men who could be observed from day to day,
and who could be examined at leisure. The men chosen for this purpose were
derived from the unit. The practical difficulties are enormous. Blood-counts,
total and differential, have been made in 62 cases. In 22 of these there was no
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deviation from normal in any particular; in 7 cases there was a definite history
of trench fever, 01' D. A. H. following trench fever, and an accompanying
lymphocytosis. The 33 men remaining all show lymphocytosis to some extent;
they are being investigated at present by Major Anthonisz from the bacterio-
logical standpoint.
Group 4 controls were taken from the wards of the medical and surgical
divisions. The patients-20 in all-were admitted to hospital with conditions
such as cellulitis of the hand, chronic arthritis, bronchitis, and gastric ulcer, &c.
After eliminating trench fever from the history, all but one showed a normal
total and differential count. This particular case in question gave 39 per cent.
lymphocytes. The stools, however, were not examined in this case.
SUlnmaTy.
1. The conclusions arrived at in this paper have been made after a
continued clinical and haematological examination of 438 soldiers, including
controls; altogether 515 total white cell counts and 607 differential counts were
done.
2. Lymphocytosis during the apyrexial periods and polymorphonuclear
leucocytosis during the pyrexial periods is the condition found in the regularly
relapsing type of trench fever (Type A (1) ).
3. Cases of regularly relapsing trench fever and of the influenzal type
(Type B) may merge gradually into the irregularly relapsing form (Type A (2)).
4. In the irregularly .relapsing type there is no such definite fluctuation
in the cells as is found in the regularly relapsing type. The existence of
sustained lymphocytosis in the presence of a temperature swinging between
98 F. and 100 F., with symptoms of pain in the head, back, and legs, especially in
the shins, may be taken as typical of this form of trench fever.
5. A normal differential blood-count in the absence of fever and subjective
symptoms may be regarded as proof of the absence of trench fever infections.
6. A certain proportion of cases of irregularly relapsing trench fever show
an excess of large mononuclear cells. These cases are accompanied by very
intense shin pains.
7. The influenzal type of trench fever is the mildest form of the disease.
8. The total white cell count in Type C (the enteric type) is moderately
high. In addition, polymorphonuclear leucocytosis is present during the fever.
These points serve as useful guides in the differential diagnosis from enteric
infections.
9. The vast majority of cases of D. A. H. following trench fever show
lymphocytosis, but this is present before onset of D. A. H.
10. Temporary aeeelerations of the pulse-rate when the patient is at
rest in bed, and especially when he is afebrile, are evidences of a predisposition
on the part of the heart for involvement in a more permanent instability.
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11. Trench fever can be separated from malaria and influenza by repeated
blood examinations.
For permission to publish these notes I am indebted to Colonel Wilson
Ranson, D.S.O., A.M.S.; and to Colonel Cummins, Advisor in Pathology, I
am grateful for many valuable suggestions. The assistance given in the
laboratory and in the wards by Corporal E. S. J-. Glass, R.A.M.C., has been at all
times invaluable, and for much of the clerical work entailed in the research
I am grateful to Staff-Sergeant Bunce, R.A.M.C,
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